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Calculated surface recombination velocity[4] and 
specific series resistance of a passivated Si surface 
as function of the pitch between contact openings 
(top) and metal coverage (bottom), respectively. 
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Nanostructures are fabricated by maskless reactive 
ion etching (RIE) [1,2] using SF6 and O2 ions. 
Maskless RIE enables precise definition of 
nanostructured topologies with specific pitch and 
size without the use of photolithography. The 
optimal rear design of the world-record passivated 
emitter rear locally diffused (PERL) solar cell [3] is 
a compromise between minimized series resistance, 
requiring some metallization, and minimized SRV, 
requiring passivation.  
We present a completely maskless process for 
controlled definition of submicron local contact 
areas on a passivated Si surface. 
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SEM-image of the surface after isotropic RIE. The etching 
process has removed most of the nanopillars and created 
holes in the passivated Si surface covered with metal. 
  
  Sketch of the process flow consisting of 
maskless nanopillar etch, passivation, Al 
evaporation, isotropic RIE of pillar sidewalls 
and 2nd metallization plus optional doping. 
   
(Top) SEM-image of the nanopillar surface covered with Al 
before isotropic Si etching. The pillar density is ≈ 3 μm-2, 
which corresponds to a potential metal to Si fraction of 2.4%.  
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In this work, we present a 
completely maskless process 
allowing for controlled definition 
of local contact areas on a 
passivated Si surface without any 
use of lithography and with a 
submicron feature size and 
controllable pitch between 
contact openings. The metal to Si 
fraction was estimated to 2.4 % 
and the feature size a few 
hundred nanometers.  
The method allows for a much 
lower pitch than lithographically 
defined patterns, while 
maintaining the targeted metal to 
Si fraction.  
The technique has the potential 
for realizing advanced high-
efficiency solar cell concepts, 
such as the PERL-cell, without 
the use of photolithography.  
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